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TITLE OF THE INVENTION 

Semiconductor Device and Method of Manufacturing The Same 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a semiconductor device having an SOI (Silicon 
On Insulator) structure and a method of manufacturing the same, and more particularly to 
a semiconductor device having an isolation insulating film (hereinafter, referred to as a 
PTI (Partial Trench Isolation) which does not reach a buried oxide film and a method of 
manufacturing the same. 

Description of the Background Art 

A semiconductor device having an SOI (Silicon On Insulator) structure 
consisting of a semiconductor substrate, a buried oxide film and a semiconductor layer 
has no possibility of causing a latch up even if a CMOS transistor is formed since an 
active region is surrounded by the buried oxide film and a device isolation (hereinafter, 
referred to as an FTI (Full Trench Isolation) which reach the buried oxide film). Further, 
the semiconductor device of SOI structure, in which a transistor is formed on the thin 
semiconductor layer, has a smaller junction capacitance and allows a faster operation with 
lower power consumption as compared with a semiconductor device in which a transistor 
is formed directly on a surface of the semiconductor substrate. Therefore, it is recently 
expected that the semiconductor device of SOI structure should be applied to an LSI for 
portable device. 

Unlike a transistor formed directly on the semiconductor substrate, however, the 
semiconductor device of SOI structure in the background art has various problems caused 



by the floating-body effect since the semiconductor layer is electrically isolated from the 
semiconductor substrate by the buried oxide film. For example, a kink in operation 
characteristics is caused and the drain breakdown voltage is deteriorated by carriers 
(positive hole in an nMOS and electrons in a pMOS) which are generated through impact 
ionization phenomenon in the active region and accumulated inside the semiconductor 
layer in a lower portion of a channel formation region, and frequency dependency of 
delay time is caused by instability of a potential in a channel region. To solve these 
problems, it is effective to fix the potential in the channel formation region. Japanese 
Patent Application Laid Open Gazette No. 58-124243 discloses a semiconductor device 
in which the potential is fixed in the channel formation region. 

Recently, in order to collectively fix the potentials in the channel formation 
regions of a plurality of transistors of the same conductivity type, instead of fixing the 
potential in the channel formation region of each transistor, an isolation is performed by 
using the PTI for downsizing, and such a structure is disclosed in IEEE Internati onal SOI 
Conference 3 ^ct J999pp. 131 to 13 2^andthe like. 

Fig. 22 is a cross section showing a semiconductor device in the background art. 
The semiconductor device of Fig. 22 comprises a semiconductor substrate 1 0 1 , a buried 
oxide film 102, a p-type semiconductor layer 103, an isolation oxide film 104, a gate 
insulating film 105, a gate electrode 106, n-type source/drain regions 107 and 108, a 
sidewall insulating film 109, a wire 1010, an interlayer insulating film 1011, a p-type 
impurity region 1012 and a contact hole 1013. Further, the p-type semiconductor layer 
103 below the isolation oxide film 104 is particularly represented as 103a. As shown in 
Fig. 22, in the case of a PTI, the isolation insulating films 104 between adjacent two 
transistors and between the p-type impurity region 1012 and the transistor do not reach 
the buried oxide film 102 and channel formation regions of the two transistors are 



connected to the p-type impurity region 1012 through the p-type semiconductor layer 
103a and the wire 1010 to fix potentials of the channel formation regions in a plurality of 
transistors of the same conductivity type is connected to the p-type impurity region 1012. 
The p-type impurity region 1012 has a low resistance, containing an impurity which has a 
concentration higher than that of the p-type semiconductor layer 103. 

Further, for downsizing, the wire 1010 is so formed as to extend onto over a 
surface of the isolation oxide film 104 (hereinafter, such a structure will be referred to as 
"borderless contact structure"), to improve the element density. 

Fig. 23 is a cross section showing another semiconductor device in the 
background art. Referring to Fig. 23, the wires 1010 connected to the source/drain 
regions 107 and 108 are so formed as to extend onto over the surface of the isolation 
oxide film 104. 

Even a semiconductor device having the isolation insulating film of PTI structure 
to fix the potential of the channel formation region, however, has a problem of causing 
the floating-body effect since the semiconductor layer below the PTI is thin (up to 50 nm). 
When the semiconductor layer below the PTI is thin, the resistance between the wire and 
the transistor becomes higher as goes further away from the wire which fixes the potential 
of the channel formation region, to badly affect the characteristics of the transistor. 
Further, there arises a variation in resistance of the channel formation regions in the 
transistors depending on the distance from the wire which fixes the potential of the 
channel formation region, which disadvantageous^ causes a variation in element 
characteristics. 

Furthermore, when it is intended that the element density should be improved by 
using the borderless contact structure, there is possibility that the isolation oxide film 104 
should be also etched when the contact hole 1013 is formed in the interlayer insulating 
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film 1011 since the isolation oxide film 104 and the interlayer insulating film 1011 
consisting of a TEOS (tetraethyl orthosilicate) oxide film and the like are of the same 
quality. 

Fig. 24 is a cross section showing a semiconductor device in the background art. 
5 As shown in Fig. 24, when the isolation oxide film 104 is etched, the distance from a pn 
junction between the p-type semiconductor layer 103a below the isolation oxide film 104 
and the source region or drain region 107 or 108 to the wire 1010 becomes shorter, to 
cause an increase injunction leak current. 

.set 

S3. 

Iri 10 SUMMARY OF THE INVENTION 

lift The present invention is directed to a semiconductor device. According to a 

ff\ first aspect of the present invention, the semiconductor device comprises: an SOI 

U substrate consisting of a substrate in which at least its surface is insulative and a 

i u 

f:3 semiconductor layer provided on the surface of the substrate, the semiconductor layer has 

m 

□ 15 a first active region of a first conductivity type and a second active region of the first 

□ 

conductivity type both of which are provided in a main surface thereof, an isolation 
insulating film formed between the first and second active regions in the main surface of 
the semiconductor layer, leaving a first semiconductor region which is part of the 
semiconductor layer between itself and the surface of the substrate; a first interlayer 

20 insulating film formed on the first and second active regions and a surface of the isolation 
insulating film; a silicon nitride film formed on the first interlayer insulating film; and a 
second interlayer insulating film formed on a surface of the silicon nitride film. 

According to a second aspect of the present invention, in the semiconductor 
device of the first aspect, the substrate includes a semiconductor substrate and a buried 

25 insulating film entirely provided on a main surface of the semiconductor substrate, and 
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the semiconductor device further comprises: first source region and drain region of a 
second conductivity type formed in the main surface of the semiconductor layer of the 
first active region at a predetermined distance; a first gate electrode so formed on the 
main surface of the semiconductor layer with a first gate insulating film interposed 
5 therebetween as to oppose to a region sandwiched between the first source region and 
drain region; a first impurity region of the first conductivity type formed in the second 
active region, being electrically connected to the region sandwiched between the first 
source region and drain region through the first semiconductor region below the isolation 
'% insulating film; and a first wire, a second wire and a third wire connected to the first 

l»y 10 source region and drain region and the first impurity region through contact holes which 
Iq are so formed as to penetrate the first and second interlayer insulating films and the 

?g\ silicon nitride film, respectively. 

M According to a third aspect of the present invention, in the semiconductor device 

ru 

Q of the second aspect, the semiconductor layer further has a third active region of the 

eg 

S3 1 5 second conductivity type and a fourth active region of the second conductivity type both 

P 

of which are provided in the main surface thereof, and the isolation insulating film is 
further provided between the third and fourth active regions and between the first and 
fourth active regions, the isolation insulating film provided between the third and fourth 
active regions is formed in the main surface of the semiconductor layer, leaving a second 

20 semiconductor region which is part of the semiconductor layer between itself and the 
buried insulating film, and the isolation insulating film provided between the first and 
fourth active regions is formed in the main surface of the semiconductor layer, leaving a 
third semiconductor region which is part of the semiconductor layer between itself and 
the buried insulating film, and the semiconductor device further comprises: second source 

25 region and drain region of the first conductivity type formed in the main surface of the 
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semiconductor layer of the fourth active region at a predetermined distance; a second gate 
electrode so formed on the main surface of the semiconductor layer with a second gate 
insulating film interposed therebetween as to oppose to a region sandwiched between the 
second source region and drain region; and a second impurity region of the second 
5 conductivity type formed in the main surface of the semiconductor layer of the third 
active region, being electrically connected to the region sandwiched between the second 
source region and drain region through the second semiconductor region below the 
isolation insulating film, wherein the first interlayer insulating film, the silicon nitride 
■°i film and the second interlayer insulating film extend onto the main surface of the 

:. t 

cy 1 0 semiconductor layer in the third and fourth active regions, and the semiconductor device 

03 further comprises: a fourth wire, a fifth wire and a sixth wire connected to the second 

rfj source region and drain region and the second impurity region through the contact holes 

M which are formed in the first and second interlayer insulating films and the silicon nitride 

ru ■ 

Q film, respectively. 

CJJ 

y 15 According to a fourth aspect of the present invention, in the semiconductor 

device of the second aspect, the semiconductor layer further has a third active region of 
the second conductivity type and a fourth active region of the second conductivity type 
both of which are provided in the main surface thereof, and the isolation insulating film is 
further provided between the third and fourth active regions and between the first and 

20 fourth active regions, the isolation insulating film provided between the third and fourth 
active regions is formed in the main surface of the semiconductor layer, leaving a second 
semiconductor region which is part of the semiconductor layer between itself and the 
buried insulating film, and the isolation insulating film provided between the first and 
fourth active regions is so formed as to reach the buried insulating film, and the 

25 semiconductor device further comprises: second source region and drain region of the 
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first conductivity type formed in the main surface of the semiconductor layer of the fourth 
active region at a predetermined distance; a second gate electrode so formed on the main 
surface of the semiconductor layer with a second gate insulating film interposed 
therebetween as to oppose to a region sandwiched between the second source region and 
5 drain region; and a second impurity region of the second conductivity type formed in the 
main surface of the semiconductor layer of the third active region, being electrically 
connected to the region sandwiched between the second source region and drain region 
through the second semiconductor region below the isolation insulating film, wherein the 
^ first interlayer insulating film, the silicon nitride film and the second interlayer insulating 

|S| 1 10 film extend onto the main surface of the semiconductor layer in the third and fourth active 
regions, and the semiconductor device further comprises: wires connected to the second 
source region and drain region and the second impurity region through the contact holes 
j>4 which are formed in the first and second interlayer insulating films and the silicon nitride 

ru 

S3 film, respectively. 

m 

Q 15 According to a fifth aspect of the present invention, in the semiconductor device 

Q 

of the second aspect, the first and second wires connected to the source region and drain 

region include wires extending to the surfaces of the isolation insulating films adjacent to 

the first source region and drain region, respectively. 

According to a sixth aspect of the present invention, in the semiconductor device 
20 of the fifth aspect, the first semiconductor region below the isolation insulating film has 

partial impurity regions of the same conductivity type in respective regions adjacent to the 

first source region and drain region. 

According to a seventh aspect of the present invention, in the semiconductor 

device of the first aspect, the silicon nitride film includes a silicon nitride film entirely 
25 formed. 
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According to an eighth aspect of the present invention, in the semiconductor 
device of the second aspect, further comprises: a metal silicide layer formed in surfaces of 
the source region and drain region. 

The present invention is also directed to a method of manufacturing a 
semiconductor device. According to a ninth aspect of the present invention, the method 
of manufacturing a semiconductor device comprises the step of: (a) preparing an SOI 
substrate having a semiconductor layer which is formed with a substrate in which at least 
its surface is insulative disposed therebelow, the semiconductor layer has a first active 
region and a second active region both of a first conductivity type in a main surface 
thereof; (b) forming an isolation insulating film so as to surround the first and second 
active regions and leave a first semiconductor region which is part of the semiconductor 
layer therebelow; (f) forming a first interlayer insulating film on the semiconductor layer 
in the first and second active regions and a surface of the isolation insulating film; (g) 
forming a silicon nitride film on the first interlayer insulating film; and (h) forming a 
second interlayer insulating film on a surface of the silicon nitride film. 

According to a tenth aspect of the present invention, in the method of 
manufacturing a semiconductor device of the ninth aspect, the substrate includes a 
semiconductor substrate and a buried oxide film, the method further comprises the steps 
of: (c) forming a first impurity region of the first conductivity type on a main surface of 
the semiconductor layer in the second active region; (d) forming a first gate electrode on 
the main surface of the semiconductor layer in the first active region with a first gate 
insulating film interposed therebetween; (e) forming first source region and drain region 
of a second conductivity type in the main surfaces of the semiconductor layer of the first 
active region which sandwich a region opposed to the first gate electrode at a 
predetermined distance; (i) forming contact holes which reach the first source region and 



drain region and the first impurity region in the first and second interlayer insulating films 
and the silicon nitride film, respectively; and (j) forming a first wire, a second wire, a 
third wire which are connected to the first source region and drain region and the first 
impurity region through the contact holes, respectively. 

According to an eleventh aspect of the present invention, in the method of 
manufacturing a semiconductor device of the tenth aspect, the semiconductor layer 
further has a third active region of the second conductivity type and a fourth active region 
of the second conductivity type in its main surface, and the fourth source region is 
provided adjacently to the first active region and the third active region is provided 
adjacently to the fourth active region, the step (a) includes the steps of: (a-1) selectively 
introducing an impurity of the first conductivity type into the main surface of the 
semiconductor layer to obtain the first and second active regions; and (a-2) selectively 
introducing an impurity of the second conductivity type into the main surface of the 
semiconductor layer to obtain the third and fourth active regions, the step (b) includes the 
step of: forming the isolation insulating film so as to surround the third and fourth active 
regions and leave a second semiconductor region which is part of the semiconductor layer 
therebelow; the step (c) includes the step of: forming a second impurity region of the 
second conductivity type in the third active region, the step (d) includes the step of: 
forming a second gate electrode on a main surface of the fourth active region with a 
second gate insulating film interposed therebetween, the step (e) includes the step of: 
forming second source region and drain region of the first conductivity type in the main 
surfaces of the semiconductor layer of the fourth active region which sandwich a region 
opposed to the second gate electrode at a predetermined distance, the first interlayer 
insulating film, the silicon nitride film and the second interlayer insulating film formed in 
the steps (f) to (h) extend onto surfaces of the semiconductor layer in the third and fourth 
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active regions, the step (i) includes the step of: forming contact holes which reach the 
second source region and drain region and the second impurity region in the first and 
second interlayer insulating films and the silicon nitride film, respectively, and the step (j) 
includes the step of: forming a fourth wire, a fifth wire, a sixth wire which are connected 
5 to the second source region and drain region and the second impurity region through the 
contact holes, respectively. 

According to a twelfth aspect of the present invention, in the method of 
manufacturing a semiconductor device of the tenth aspect, the step (i) includes the steps 
of: (i-1) etching the second interlayer insulating film; and (i-2) etching the first interlayer 
fJJ 10 insulating film independently of the step (i-1). 

fQ According to a thirteenth aspect of the present invention, in the method of 

hi 

manufacturing a semiconductor device of the twelfth aspect, the contact holes formed in 
M the step (i) include contact holes which extend onto surfaces of the isolation insulating 

ru 

S3 films adjacently to the first source region and drain region, respectively. 

CP 

C3 15 According to a fourteenth aspect of the present invention, in the method of 

manufacturing a semiconductor device of the twelfth aspect, the step (i-1) includes the 
step of: etching the second interlayer insulating film by a first substance having a 
predetermined selection ratio to the silicon nitride film, and the step (i-2) includes the step 
of: etching the first interlayer insulating film by a second substance having a selection 

20 ratio to the silicon nitride film which is smaller than that of the first substance. 

Since the semiconductor device of the first aspect of the present invention 
comprises the silicon nitride film formed on a surface of an element with the first 
interlayer insulating film interposed therebetween, micro-defects which develop into 
lifetime killers are generated in the first semiconductor region which is the semiconductor 

25 layer below the isolation insulating film by a stress of the silicon nitride film and this 
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shorten the lifetime of carriers (positive holes in an nMOS and electrons in a pMOS). 

Therefore, even if the film thickness of the first semiconductor region below the 
isolation insulating film becomes thinner, a potential of the first active region can be 
stably fixed and a floating-body effect, such as the frequency dependency of delay time of 
an element to be formed in the first active region, e.g., a transistor, can be suppressed, 
whereby the reliability of the semiconductor device can be improved. 

Since the semiconductor device of the second aspect of the present invention, in 
which an element is formed on the main surface of the SOI substrate consisting the 
semiconductor substrate, the buried insulating film provided entirely over the surface of 
the semiconductor substrate and the semiconductor layer provided on the surface of the 
buried insulating film, comprises the silicon nitride film formed on a surface of the 
element with the first interlayer insulating film interposed therebetween, micro-defects 
which develop into lifetime killers are generated in the first semiconductor region which 
is the semiconductor layer below the isolation insulating film by a stress of the silicon 
nitride film and this shorten the lifetime of carriers (positive hole in an nMOS and 
electrons in a pMOS). 

Therefore, even if the film thickness of the first semiconductor region below the 
isolation insulating film becomes thinner, a potential of the channel formation region 
below the gate electrode can be stably fixed and a floating-body effect, such as the 
frequency dependency of delay time of the MOS transistor can be suppressed, whereby 
the reliability of the semiconductor device can be improved. 

In the semiconductor device of the third aspect of the present invention, when 
the device has a CMOS structure in which transistors of reverse conductivity types are 
provided adjacently to each other with a PTI (the isolation insulating film and the third 
semiconductor region therebelow) interposed therebetween, the breakdown voltage 
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increases between a pMOS transistor and an nMOS transistor which are adjacent to each 
other by micro-defects generated in the third semiconductor region below the isolation 
insulating film and therefore the reliability of the semiconductor device can be improved. 

In the semiconductor device of the fourth aspect of the present invention, since 
an FTI (the isolation insulating film reaching the buried insulating film) is formed in a 
portion where the transistors of reverse conductivity types are provided adjacently to each 
other in the CMOS structure, the breakdown voltage increases between the adjacent 
pMOS transistor and nMOS transistor and therefore the reliability of the semiconductor 
device can be improved. 

Since the semiconductor device of the fifth aspect of the present invention, 
which has a borderless contact structure in which the first and second wires connected to 
the first source/drain regions are formed across the adjacent isolation insulating films, 
comprises the silicon nitride film between the interlayer insulating films, the isolation 
insulating film is prevented from being etched when the contact holes reaching the first 
source/drain regions are formed and sufficient distances from the pn junctions between 
the first semiconductor region below the isolation insulating film and the first 
source/drain regions to the wires can be ensured, whereby a semiconductor device of 
higher element density and higher reliability can be obtained. 

In the semiconductor device of the sixth aspect of the present invention, since the 
first semiconductor region below the isolation insulating film has the partial impurity 
region of the second conductivity type, which is equivalent to the first source/drain 
regions in conductivity type, adjacent to the first source/drain regions, the exposed 
isolation insulating film is likely to be etched when the contact holes of borderless contact 
structure are formed. In such a case, however, a sufficient distance between the wire and 
the region of the first conductivity type in the first semiconductor region below the 
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isolation insulating film can be ensured and it becomes possible to eliminate the 
possibility of generating a junction leak current in this portion. 

Since the semiconductor device of the seventh aspect of the present invention 
comprises the silicon nitride film, it is possible to surely prevent entry of hydrogen into 
the gate insulating film and the buried oxide film. Therefore, it is possible to prevent 
deterioration of the hot carrier resistance caused by the entry of hydrogen into the gate 
insulating film resulting in hydrogen termination at the interface between the 
semiconductor layer and the gate insulating film and improve the hot carrier resistance. 

In the semiconductor device of the eighth aspect of the present invention, the 
metal silicide layer is formed on the surfaces of the first source region and drain region. 
Therefore, since the metal silicide layer works as an etching stopper when the first 
interlayer insulating film is etched, an etching margin is increased and the wires are 
formed with good controllability, whereby a semiconductor device of higher reliability 
can be obtained. 

Since the semiconductor device manufactured by the method of the ninth aspect 
of the present invention comprises the silicon nitride film formed on an element with the 
first interlayer insulating film interposed therebetween, micro-defects which develop into 
lifetime killers are generated in the first semiconductor region which is the semiconductor 
layer below the isolation insulating film by a stress of the silicon nitride film and this 
shorten the lifetime of carriers (positive hole in an nMOS and electrons in a pMOS). 

Therefore, even if the film thickness of the first semiconductor region below the 
isolation insulating film becomes thinner, a potential of the first active region can be 
stably fixed and a floating-body effect, such as the frequency dependency of delay time of 
an element to be formed in the first active region, e.g., a transistor, can be suppressed, 
whereby the reliability of the semiconductor device can be improved. 
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In the method of the tenth aspect of the present invention, the silicon nitride film 
is formed on a surface of an element with the first interlayer insulating film interposed 
therebetween in the semiconductor device in which the element is formed on the main 
surface of the SOI substrate consisting the semiconductor substrate, the buried insulating 
5 film provided entirely over the surface of the semiconductor substrate and the 
semiconductor layer provided on the surface of the buried insulating film, micro-defects 
which develop into lifetime killers are generated in the first semiconductor region which 
is the semiconductor layer below the isolation insulating film by a stress of the silicon 
l *a nitride film and this shorten the lifetime of carriers (positive hole in an nMOS and 

^ 10 electrons in a pMOS). Therefore, even if the film thickness of the first semiconductor 
^ region below the isolation insulating film becomes thinner, a potential of the channel 

j«P formation region below the gate electrode can be stably fixed and a floating-body effect, 

such as the frequency dependency of delay time can be suppressed, whereby a 
1*3 semiconductor device of higher reliability can be manufactured. 

US 

C3 15 In the method of the eleventh aspect of the present invention, since the silicon 

nitride film is formed between the first and second interlayer insulating films when the 
device has a CMOS structure in which transistors of reverse conductivity types are 
provided adjacently to each other with a PTI interposed therebetween, micro-defects are 
generated in the semiconductor layer below the isolation insulating film and the 
20 breakdown voltage increases between a pMOS transistor and an nMOS transistor which 
are adjacent to each other and therefore the reliability of the semiconductor device can be 
improved. 

In the method of the twelfth aspect of the present invention, since the first and 
second interlayer insulating films are etched in the steps independently of each other to 
25 form the contact holes, the overetching of the semiconductor layer can be prevented by 
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controlling the etching condition of the first interlayer insulating film and therefore a 
semiconductor device which has no possibility of generating a junction leak current can 
be obtained. 

In the method of the thirteenth aspect of the present invention, since the etching 
5 of the first interlayer insulating film and that of the second interlayer insulating film are 
separately performed with the silicon nitride film to form the contact holes in the 
semiconductor device having a borderless contact structure in which the first and second 
wires connected to the first source region and drain region are formed across the adjacent 

'■■j* isolation insulating films, the overetching of the semiconductor layer can be prevented by 

'""4 

p;j 10 controlling the etching condition of the first interlayer insulating film and therefore a 

<3 

rp semiconductor device which has no possibility of generating a junction leak current can 

rfi be obtained. Further, the isolation insulating film is prevented from being etched when 

i»4 the contact holes reaching the first source/drain regions are formed and sufficient 

i y 

Q distances from the pn junctions between the semiconductor layer and the first 

m 

□ 15 source/drain regions to the first and second wires can be ensured, whereby a 

Q 

semiconductor device of higher element density and higher reliability can be obtained. 

In the method of the fourteenth aspect of the present invention, since the etchings 
of the first and second interlayer insulating films are performed by utilizing the selection 
ratios to the silicon nitride film formed between the first and second interlayer insulating 

20 films, the contact holes can be formed with good controllability, whereby a 
semiconductor device of higher reliability can be obtained. 

An object of the present invention is to provide a semiconductor device 
comprising an isolation insulating film of PTI structure to collectively fix voltages of 
channel formation regions in a plurality of transistors, which suppresses the floating-body 

25 effect to improve isolation characteristics and breakdown voltage, and a method of 
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manufacturing the same. 

Another object of the present invention is to provide a semiconductor device of 
borderless contact structure which reduces the junction leak current to ensure downsizing 
and lower power consumption, and a method of manufacturing the same. 

These and other objects, features, aspects and advantages of the present 
invention will become more apparent from the following detailed description of the 
present invention when taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a cross section showing a semiconductor device in accordance with a 
first preferred embodiment of the present invention; 

Fig. 2 is a plan view showing the semiconductor device in accordance with the 
first preferred embodiment of the present invention; 

Figs. 3 to 5 are cross sections showing the semiconductor device in accordance 
with the first preferred embodiment of the present invention; 

Fig. 6 is a plan view showing the semiconductor device in accordance with the 
first preferred embodiment of the present invention; 

Fig. 7 is a cross section showing the semiconductor device in accordance with 
the first preferred embodiment of the present invention; 

Fig. 8 is a plan view showing the semiconductor device in accordance with the 
first preferred embodiment of the present invention; 

Figs. 9 to 13 are cross sections each showing a process step in a method of 
manufacturing a semiconductor device in accordance with the first preferred embodiment 
of the present invention; 

Figs. 14 and 15 are cross sections each showing a semiconductor device in 
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accordance with a second preferred embodiment of the present invention; 

Fig. 16 is a cross section showing a process step in a method of manufacturing a 
semiconductor device in accordance with the second preferred embodiment of the present 
invention; 

Fig. 1 7 is a cross section showing a semiconductor device in accordance with a 
third preferred embodiment of the present invention; 

Fig. 1 8 is a plan view showing the semiconductor device in accordance with the 
third preferred embodiment of the present invention; 

Fig. 19 is a cross section showing the semiconductor device in accordance with 
the third preferred embodiment of the present invention; 

Fig. 20 is a plan view showing the semiconductor device in accordance with the 
third preferred embodiment of the present invention; 

Fig. 2 1 is a cross section showing a process step in a method of manufacturing a 
semiconductor device in accordance with the third preferred embodiment of the present 
invention; and 

Figs. 22 to 24 are cross sections each showing a semiconductor device in the 
background art. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The First Preferred Embodiment 

Fig. 1 is a cross section showing a semiconductor device in accordance with the 
first preferred embodiment of the present invention. The semiconductor device of Fig. 1 
comprises a semiconductor substrate 1, a buried oxide film 2, a semiconductor layer 3, an 
isolation insulating film 4, a gate insulating film 5, a gate electrode 6, source/drain 
regions 7, 71, 8, and 81, pocket implantation regions 72 and 82, a sidewall insulating film 
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9, wires 10 and 110, interlayer insulating films 11 and 111, a p-type impurity region 12, a 
contact hole 13 and a silicon nitride film 14. Further, the semiconductor layer 3 (the first 
semiconductor region) below the isolation insulating film 4 is particularly represented as 
3a. 

5 Fig. 2 is a plan view showing the semiconductor device in accordance with the 

first preferred embodiment of the present invention. Fig. 1 is the cross section taken 
along the section A-A of Fig. 2. In Fig. 2, the interlayer insulating films 11 and 111, the 
silicon nitride film 14, the wire 10, the sidewall insulating film 9, the source/drain regions 
71 and 81 and the pocket implantation regions 72 and 82 are omitted for convenience of 
10 illustration. 

Referring to Fig. 1, a structure in which the semiconductor layer 3 is formed 
entirely over the semiconductor substrate 1 with the buried oxide film 2 interposed 
therebetween is termed an SOI substrate, which can be formed by any method of bonding 
method, the SIMOX method and the like. The buried oxide film 2 has a thickness of 

15 about 100 to 500 nm, and the semiconductor layer 3 has a thickness of about 30 to 400 
nm containing a p-type impurity such as boron of about lxlO 15 to 1 xl0 18 /cm 3 . 

Active regions in which the transistors are formed are surrounded by a partial 
isolation region consisting of the p-type impurity region 12 and the isolation insulating 
film 4 (PTI) which is a silicon oxide film or the like, being isolated from one another. A 

20 minimum isolation width is about 200 nm. The isolation insulating film 4 has a 
thickness of about half to one third of that of the semiconductor layer 3, and is set so that 
the thickness of the semiconductor layer 3 a therebelow should be about 15 to 200 nm. 

Though it is desirable for microfabrication that the level of an upper surface of 
the isolation insulating film 4 should be equal to that of a surface of the semiconductor 

25 layer 3, when the semiconductor layer 3 is thin, making the level of the upper surface of 
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the isolation insulating film 4 higher than that of the surface of the semiconductor layer 3 
improves isolation performance since it becomes difficult to ensure the thickness 
sufficient for isolation if sufficient thickness of the semiconductor layer 3 a below the 
isolation insulating film 4 is left. Though a silicon oxide film is used as the isolation 
insulating film 4 herein, other insulating films, such a silicon nitride film, a silicon 
oxynitride film, a silicon oxide film containing fluorine and a porous silicon oxide film, 
may be used. Further, between the semiconductor layer 3 and the isolation insulating 
film 4 formed is a silicon oxide film having a thickness of about 5 to 30 nm as needed 
(not shown). 

The source/drain regions 7, 8, 71 and 81, the pocket implantation regions 72 and 
82 and the p-type impurity region 12 are formed by implanting an impurity into the p-type 
semiconductor layer 3, and the p-type impurity region 12 contains boron or the like of 
about lxlO 17 to lxl0 18 /cm 3 . Further, the pocket implantation regions 72 and 82 each 
contains B, BF 2 or In of about 1 x 10 17 to 1 x 10 19 /cm 3 . The pocket implantation regions 72 
and 82 serve to suppress a short channel effect and are not needed if the depth of junction 
of the gate insulating film and the source/drain regions is optimized. 

Further, the source/drain regions 7 and 8 each containing an n-type impurity such 
as arsenic of about lxlO 19 to lxl0 21 /cm 3 and the source/drain regions 71 and 81 each 
containing an n-type impurity such as phosphorus of about lxlO 18 to lxl0 20 /cm 3 
constitute an LDD (Lightly Doped Drain) structure. The LDD structure is formed as 
needed. Further, though Fig. 1 shows the source/drain regions 7 and 8 reaching the 
buried oxide film 2, these may not reach the buried oxide film 2. 

As the gate insulating film 5, Si0 2 , SiON, a layered film consisting of Si0 2 , 
Si 3 N 4 and Si0 2 (ONO), Ta 2 0 5 , A1 2 0 3 , a BST film (Ba x Sr 1 „ x Ti0 3 : Barium Strontium 
Titanium) or the like may be used. 
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Though the gate electrode 6 contains an n-type impurity such as phosphorus of 
about 2 to 15xl0 20 /cm 3 and is made of polysilicon having a thickness of about 100 to 
400nm, it may be made of, instead of polysilicon, a layered structure consisting of a 
polysilicon containing an impurity and a metal silicide layer such as TiSi 2 , CoSi 2 , NiSi 25 
WSi 2 , TaSi 2 , MoSi 2 , HfSi 2 , Pd 2 Si, PtSi 2 or ZrSi 2 , or a metal such as W, Mo, Cu or Al, and 
further may be made of a metal such as W, Mo, Cu or Al. Also on surfaces of the 
source/drain regions 7 and 8 and the p-type impurity region 12, a metal silicide such as 
TiSi 2 , CoSi 2 , NiSi 25 WSi 2 , TaSi 2 , MoSi 2 , HfSi 2 , Pd 2 Si, PtSi 2 or ZrSi 2 may be formed (not 
shown). 

The sidewall insulating film 9 is made of a silicon oxide film, a TEOS film, a 
Si 3 N 4 film or a layered film consisting of Si 3 N 4 and Si0 2 , and a film containing nitrogen, 
such as the Si 3 N 4 film or the layered film consisting of Si 3 N 4 and Si0 2 eliminates the 
possibility of being etched even through a mask displacement in forming the contact hole 
13. Further, by the synergistic effect with the silicon nitride film 14, it is possible to 
improve the density of micro-defects caused by stress in the semiconductor layer 3 which 
is to become a channel formation region near the source/drain regions 7 and 71 serving as 
a source region or the source/drain regions 8 and 81 and carriers (positive hole in an 
nMOS and electrons in a pMOS) are not easily accumulated near the source region, to 
further suppress the floating-body effect. 

The interlayer insulating films 1 1 and 111 are each made of a silicon oxide film 
formed by the plasma CVD method, the LPCVD (Low Pressure Chemical Vapor 
Deposition) method, the atmospheric pressure CVD method or the like. The interlayer 
insulating film 1 1 has a thickness of about 10 to 300 nm and the interlayer insulating film 
1 1 1 has a thickness of about 100 to 2000 nm. The interlayer insulating films 1 1 and 1 1 1 
may be made of a TEOS film or a SOG (Spin On Glass) film, and further may be made of 
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a PSG (Phospho Silicate Glass), a BSG (Boro silicate Glass), a BPSG (Boro Phospho 
Silicate Glass) or a BPTEOS (Boro Phospho TEOS), all of which contain an impurity, 
instead of the silicon oxide film. 

The silicon nitride film 14 has a thickness of about 50 to 100 nm and is entirely 
5 formed except a portion where the contact holes 13 each having a diameter of 0.1 to 0.5 
}jl m are formed. With the presence of the silicon nitride film 14, micro-defects are 
formed in the semiconductor layer 3 below the isolation insulating film 4. 

Fig. 3 is a cross section showing the semiconductor device in accordance with 

; s 5 the first preferred embodiment of the present invention and an enlarged view of a portion 

"'"4 

|5 y 10 enclosed by the broken line B in Fig. 1. As shown in Fig. 3, the micro-defect is formed 

f-g in the semiconductor layer 3a below the isolation insulating film 4. 

rp It is generally known that the silicon nitride film is made of Si 3 N 4 having a stress 

i«* of about 1 X 10 u dyn/cm 2 , and the film stress can be controlled depending on the ratio of N 

FU 

□ to Si of Si x N y . Further, since the film stress can be also controlled by adding O to 

m 

Q 15 change the composition ratio of O and N, a silicon oxynitride film (SiON) may be formed, 

a 

instead of the silicon nitride film. 

Next, an operation will be discussed. Referring to Fig. 1, in a case of nMOS 
transistor, for example, voltages to be applied to the electrodes are as follows. A gate 
voltage V G is about 1.8 V, a drain voltage V D is about 1.8 V, a source voltage V s is about 0 

20 V and a body voltage (the voltage to be applied to the wire 110) V B is about 0 V. A 
channel is formed in a surface of the semiconductor layer 3 below the gate electrode 6, 
and one of the source/drain region 7 or 71 and the source/drain region 8 or 81 serves as 
the source region and the other serves as the drain region, which operates as a circuit. 
Since the semiconductor layer 3a below the isolation insulating film 4 contains a p-type 

25 impurity like the semiconductor layer 3 below the gate electrode 6 and the impurity 
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region 12 and is electrically connected to the semiconductor layer 3 below the gate 
electrode 6 and provided adjacently to these two, a voltage is applied to the 
semiconductor layer 3 below the gate electrode 6 from the wire 110 through the impurity 
region 12. 

5 Those voltage values are examples, and can vary depending on the thickness of 

the gate insulating film and the gate length. 

The case of forming an nMOS transistor is discussed in the first preferred 
embodiment. In a case of forming a pMOS transistor, the semiconductor layer 3 
contains an n-type impurity such as phosphorus or arsenic, the source/drain regions 7, 8, 
10 71 and 81 contain a p-type such as boron, pocket implantation regions 72 and 82 contain 

i y 

;| an n-type impurity such as arsenic (As), phosphorus (P) or antimony (Sb) and the gate 

ijl electrode 6 contains a p-type impurity such as boron. Further, an n-type impurity region 

is formed, instead of the p-type impurity region 12. In this case, the gate voltage V G is 
q about 0 V, the drain voltage V D is about 0 V, the source voltage V s is about 1.8 V and the 

m 

i;3 15 body voltage V B is about 1.8 V. 
Q 

Though an exemplary arrangement of the wires 10 and 110 is shown in this 
preferred embodiment, the number of layers of the interlayer insulating films formed 
between the wire and the transistor and the arrangement are changed depending on the 
circuit configuration. Further, though the discussion is made taking an example of the 

20 semiconductor device in which one transistor is formed in one active region, the 
configuration is not limited to this. 

Though the discussion is made referring to the figure in which the silicon nitride 
film 14 is entirely formed in the first preferred embodiment, the isolation performance 
can be improved only if the silicon nitride film 14 is formed in a region in which the PTI 

25 is used as device isolation in a semiconductor device in which the PTI and the FTI are 
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used together (not shown). 

Fig. 4 is a cross section showing another semiconductor device in accordance 
with the first preferred embodiment of the present invention, showing a silicon nitride 
film 141. When the sidewall insulating film 9 is formed of a film containing nitrogen 
such as the Si 3 N 4 film or the layered film consisting of Si 3 N 4 and the Si0 2 and as shown in 
Fig. 4, the silicon nitride film 141 is formed on a surface of the gate electrode 6, it is 
possible to more surely eliminate the possibility of electrical connection between the gate 
electrode 6 and the wire 10 even if the wire 10 is formed near the gate electrode 6. 

Fig. 5 is a cross section showing still another semiconductor device in 
accordance with the first preferred embodiment of the present invention. Fig. 6 is a plan 
view showing this semiconductor device in accordance with the first preferred 
embodiment of the present invention. The cross section of Fig. 5 is taken along the 
section C-C of Fig. 6. Referring to these figures, the semiconductor device comprises 
the wire 10 connected to both the gate electrode 6 and the source/drain region 7, and the 
diameter of the contact hole in this portion is twice as large as that in other portions. 
This structure of the semiconductor device is generally referred to as a shared contact 
structure and is used for an SRAM memory in which the gate electrode 6 and the 
source/drain region 7 always operate at the same potential. The semiconductor device of 
Figs. 5 and 6 has the same structure as that of Fig. 1 except this interconnection structure. 

Fig. 7 is a cross section showing yet another semiconductor device in accordance 
with the first preferred embodiment of the present invention, and the semiconductor 
device of Fig. 7 comprises an interlayer insulating film 113, a contact hole 131 and a wire 
210. Referring to this figure, the wire 210 is connected to the gate electrode 6 through 
the contact hole 131 formed in the interlayer insulating film 113, and a region where the 
contact hole 131 is formed has the same structure as that in the semiconductor device of 
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Figs. 1 and 2 except that the isolation insulating film 4 is the FTI reaching the buried 
oxide film 2. 

Fig. 8 is a plan view showing the semiconductor device of Fig. 7, and Fig. 7 is 
the cross section taken along the section D-D of Fig. 8. Referring to 8 5 a portion 
5 enclosed by the broken line E is the FTI. In Fig. 8, the interlayer insulating film is not 
shown for simple illustration. 

Thus, using the FTI and the PTI together eliminates the possibility that the 
isolation insulating film 4 should be etched to reach the semiconductor layer 3 even if 
! -3 there is a mask displacement in forming the contact hole 131. 

^ 10 According to the first preferred embodiment, since the semiconductor device in 

j y 

which the element is formed on the main surface of the SOI substrate consisting of the 
semiconductor substrate 1 , the buried oxide film 2 provided entirely over the surface of 
the semiconductor substrate 1 and the semiconductor layer 3 provided on the surface of 

i w 

Q the buried oxide film 2 comprises the silicon nitride film 14 formed on a surface of the 

iS 

Q 15 element with the interlayer insulating film 11 interposed therebetween, micro-defects 

Q 

which develop into lifetime killers are generated in the semiconductor layer 3a below the 
isolation insulating film 4 by a stress of the silicon nitride film 14 and this shorten the 
lifetime of carriers (positive hole in an nMOS and electrons in a pMOS). Therefore, 
since this produces the same effect as ensures lower resistance of the semiconductor layer 

20 3a below the isolation insulating film 4, even if the thickness of the semiconductor layer 
3 a below the isolation insulating film 4 becomes thinner, a potential of the channel 
formation region below the gate electrode 6 can be stably fixed and a floating-body effect, 
such as the frequency dependency of delay time, can be suppressed, whereby the 
reliability of the semiconductor device can be improved. 

25 Further, though it is known that the hot carrier tolerance is deteriorated if the 
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hydrogen enters the gate insulating film 5 and the hydrogen termination occurs at the 
interface of the semiconductor layer 3, the gate insulating film 5 and the buried oxide film 
2 when an annealing under a hydrogen atmosphere in the last step is executed, since the 
silicon nitride film 14 is formed in the semiconductor device of this preferred 
embodiment, it is possible to prevent entry of hydrogen into the gate insulating film 5 and 
the buried oxide film 2 and this improves the hot carrier resistance. 

By controlling the ratio of N to Si in the silicon nitride film 14 or controlling the 
ratio of O and N in the silicon oxynitride film instead of the silicon nitride film, the film 
stress of the silicon nitride film or the silicon oxynitride film can be increased and the 
density of micro-defects generated in the semiconductor layer below the isolation 
insulating film of PTI can be increased, whereby the function of the lifetime killer can be 
improved. 

Next, discussion will be made on a method of manufacturing the semiconductor 
device in accordance with the first preferred embodiment of the present invention. Figs. 
9 to 13 are cross sections each showing a process step in the method of manufacturing the 
semiconductor device in accordance with the first preferred embodiment. Fig. 9 shows a 
silicon oxide film 31, a silicon nitride film 32 and a trench 41. Referring to Fig. 9, the 
silicon oxide film 3 1 having a thickness of about 5 to 40 nm is formed on the surface of 
the semiconductor layer 3 in the SOI substrate which comprises the buried oxide film 2 
and the semiconductor layer 3 on the surface of the semiconductor substrate 1 . To form 
the silicon oxide film 3 1 , a thermal oxidation method, a method of forming the TEOS 
oxide film by the CVD and the like may be used. 

The silicon nitride film 32 having a thickness of about 50 to 300 nm is formed on 
the silicon oxide film 3 1 by the LPCVD method or the plasma nitride film CVD method, 
and the silicon nitride film 32 and the silicon oxide film 31 on an isolation region are 
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selectively removed through anisotropic etching by RIE (Reactive Ion Etching) or ECR 
(Electron Cyclotron Resonance) device with a photoresist mask (not shown). After 
removing the photoresist mask, the semiconductor layer 3 is anisotropically etched with 
the silicon nitride film 32 used as a mask by using RIE or the ECR device, to form the 
5 trench 41 having a depth of about 20 to 300 nm in the surface of the semiconductor layer 
3. The trench 41 has a width of about 100 to 500 nm and is formed so that the 
semiconductor layer 3 of about 10 to 100 nm should be left therebelow. Fig. 9 is the 
cross section showing the elements of the semiconductor device at the end of this step. 

Fig. 10 shows a trench 42 and a photoresist mask 301. In a case of using the 

"sis? 

;! y 10 PTI and the FTI together, after the step of Fig. 9, the photoresist mask 301 having an 

i.n 

Of! opening at a portion in which the FTI is to be formed is formed and a bottom surface of 

ffi the trench 41 is etched therewith, to form the trench 42 reaching the buried oxide film 2. 

( 8 * The photoresist mask 301 may be formed inside the trench 41 or may be formed on the 

ru 

Q surface of the silicon nitride film 32. 

m 

Q 15 A silicon oxide film is entirely formed to have a thickness of about 100 to 500 

d 

nm (not shown) by a plasma TEOS or an HDP (High Density Plasma) apparatus, and 
thermally treated at about 1000° to 1100 °C, to enhance the film quality. Then, the 
silicon oxide film on the surface of the silicon nitride film 32 is removed by the CMP 
(Chemical Mechanical Polishing) method with the silicon nitride film 32 used as a 

20 stopper, to leave the silicon oxide film only inside an opening constituted of the trench 41, 
the silicon oxide film 3 1 and the silicon nitride film 32. After that, the silicon oxide film 
is etched in order to eliminate the level difference between a surface of the silicon oxide 
film inside the opening and the surface of the semiconductor layer 3, and then the silicon 
nitride film 32 is removed by wet etching with thermal phosphoric acid and the silicon 

25 oxide film 31 is removed, to form the isolation insulating film 4. The semiconductor 
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layer 3 below the isolation insulating film 4 corresponds to the semiconductor layer 3 a. 
Fig. 11 is the cross section showing the state at the end of this step. Figs. 11 to 13 show 
only the PTI structure. 

By performing a high-temperature thermal oxidation at about 900° to 1000 °C 
5 inside the trench 41 before the silicon oxide film is deposited, a corner of the silicon 
formed by the bottom surface and side surface of the trench 41 and a corner of the silicon 
formed by the side surface of the trench 41 and the surface of the semiconductor layer 3 
are rounded, and this relieves the stress in this portion. 

A silicon oxide film is entirely formed by the thermal oxidation (not shown), and 
, 10 then a photoresist mask (not shown) having an opening at a portion in which the wires are 
,5 to be formed to fix the potential of the channel formation region is formed. In the case 

iji of nMOS, a p-type impurity such as B, BF 2 or In is ion-implanted to form the p-type 

1,4 impurity region 12 having an impurity concentration of about lxlO 17 to l><10 18 /cm 3 . In 

Q the case of pMOS, an n-type impurity such as P, As or Sb is ion-implanted to form an n- 

m 

C3 15 type impurity region. 

Further, as needed, an impurity such as boron or boron fluoride in the case of 
nMOS or an impurity such as phosphorus or arsenic in the pMOS, is entirely ion- 
implanted at an energy of 10 to 20 keV at a dose of about lxlO 12 to 5><l0 12 /cm 2 , to 
introduce the impurity into the channel formation region for controlling the threshold 
20 value (not shown). The silicon oxide film is formed in order to protect the surface of the 
semiconductor substrate from a damage in ion-implantation and removed after this ion 
implantation. 

Next, referring to Fig. 12, a silicon oxide film, for example, is formed as the gate 
insulating film 5 entirely over the surface of the semiconductor layer 3 by the thermal 
25 oxidation to have a thickness of about 7 to 10 nm, and a polysilicon layer for the gate 
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electrode 6 is deposited entirely by the LPCVD method to have a thickness of about 100 
to 400 nm and patterned with a photoresist mask (not shown) by using an anisotropic 
etching device such as RIE or ECR ? to form the gate electrode 6. At this time, there may 
be a case where a silicon oxide film or a layered film consisting of a silicon nitride film 
5 and a silicon oxide film is formed on a surface of the polysilicon layer, this film is once 
patterned with the photoresist mask, and then the polysilicon layer is processed with the 
patterned film. Further, there may another case where the metal silicide layer such as 
WSi is deposited on the surface of the polysilicon layer, and then this film is patterned. 
£3 After that, an impurity such as boron or boron fluoride in the case of nMOS or an 

'hcsf 

10 impurity such as phosphorus or arsenic in the pMOS, is ion-implanted at a dose of about 1 

pa. 

^ X 10 12 to 1 X 10 14 /cm 2 , to form the pocket implantation regions 72 and 82. 

Then, an impurity such as phosphorus or arsenic in the case of nMOS or an 
[,4, impurity such as boron or boron fluoride in the pMOS, is ion-implanted at an energy of 

ry 

Cjj 20 to 40 keV at a dose of about 10 14 to 10 15 /cm 2 , to form the source/drain regions 71 and 

m 

m 15 81. 

a 

Next, a silicon oxide film is entirely deposited by the plasma CVD method to 
have a thickness of about 30 to 100 nm and etched back, to form the sidewall insulating 
film 9, and after that, an impurity such as arsenic in the case of nMOS or an impurity such 
as boron or boron fluoride in the pMOS, is ion-implanted at an energy of 10 keV at a dose 

20 of about lxlO 14 to l><10 16 /cm 2 , to form the source/drain regions 7 and 8. Fig. 12 is the 
cross section showing the element of the semiconductor device at the end of this step. 

As the sidewall insulating film 9, the TEOS film may be used, or the Si 3 N 4 or the 
layered film consisting of Si 3 N 4 and Si0 2 may be formed by the LPCVD method or the 
plasma CVD method. For example, in a case of the layered film, a silicon oxide film is 

25 formed by RTO (Rapid Thermal Oxidation) and a silicon nitride film is deposited thereon 
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by the CVD method and etched back. 

Since there may be a case where no pocket implantation region 72 or 82 is 
formed and the source/drain regions may have an LDD structure as needed, in some cases, 
no source/drain region 7 or 8 is formed. The implanted impurity is annealed at about 
5 800° to 1 150 °C for about 10 to 30 minutes to be activated. 

If the metal silicide layer such as CoSi 2 is formed on the surfaces of the gate 
electrode 6 and the source/drain regions 7 and 8, cobalt should be entirely deposited and 
the RTA (Rapid Thermal Anneal) is performed in this stage. This causes the silicon to 
C3 react on the exposed surfaces of the gate electrode 6 and the source/drain regions 7 and 8, 

^ 10 whereby the metal silicide layer is formed in this portion. After that, the unreacted 

ry 

"araf 



cobalt is removed (not shown). Other than CoSi 2 , metal silicides such as TiSi 2 , Nisi 2? 
p WSi 25 TaSi 2 , MoSi 2 , HfSi 2? PdSi, PtSi 2 and ZrSi 2 may be used. 

Fig. 13 shows a photoresist mask 302. 



m 



j;3 Referring to Fig. 13, a silicon oxide film for the interlay er insulating film 11 is 

q 15 deposited by the plasma CVD method, the LPCVD method, the atmospheric pressure 

M 

CVD method or the like to have a thickness of about 10 to 300 nm, The interlay er 
insulating film 1 1 may be made of a TEOS film, a SOG film, and further may be made of 
a PSG, a BSG, a BPSG or a BPTEOS, all of which contain an impurity, instead of the 
silicon oxide film. The above steps of depositing an oxide film can be omitted as 
20 needed. 

After that, the silicon nitride film 14 is formed by the LPCVD method (at 600° 
to 800 °C), the plasma CVD method (at 300° to 500 °C), the atmospheric pressure CVD 
method (at 300° to 500 °C) or the like to have a thickness of about 50 to 100 nm. 
Instead of the silicon nitride film Si 3 N 4 , SiO x N y may be used, and the composition of Si 
25 and N may be made different from that of Si 3 N 4 . A film formed by the LPCVD method 
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has advantages of good uniformity in film thickness and high denseness and chemical 
stability. A film formed by the plasma CVD method or the atmospheric pressure CVD 
method, which can be formed at low temperature, can advantageously suppress the TED 
(Transient Enhanced Diffusion) of the impurity and therefore improve the current driving 
5 capability of a transistor. Further, in the plasma CVD method, it is easy to control the 
composition ratio of Si and N of the silicon nitride film and therefore it becomes easy to 
control the stress. 

The interlay er insulating film 111 is formed to have a thickness of about 100 to 
*»3 2000 nm in the same manner as the interlayer insulating film 1 1 and then planarized by 

i 

^ 10 the CMP method. After the planarization, to eliminate the raggedness in the surface 
Jtg through the CMP, a silicon oxide film is deposited again to have a thickness of about 50 

to 200 nm in the same manner as the interlayer insulating film 1 1 is formed (not shown). 
!,£ After forming the photoresist mask 302 having an opening at a region in which 

rg the contact holes 13 to be connected to the source/drain regions 7 and 8 and the p-type 

m 

g 15 impurity region 12 are to be formed on the surface of the interlayer insulating film 111, 

Q 

the interlayer insulating film 111 is etched with an etching gas such as C x F y (e.g., x = 4, y 
= 8) which has high selection ratio to the silicon nitride film 14 by the RIE, the magnetron 
RIE, the ECR device or the like, to form the trench 13. At this time, H 2 and CO may be 
used as an additive gas. Fig. 13 is the cross section showing the element of the 

20 semiconductor device at the end of this step. 

Next, the remaining silicon nitride film 14 and interlayer insulating film 11 are 
etched under the condition of lower selection ratio of the silicon nitride film and the 
silicon oxide film, to dig the trench 13 deeper, whereby the contact hole 13 is formed. 

Then, tungsten (W) is deposited by the blanket CVD method, to fill the inside of 

25 the contact hole 13 and etched back for planarization. After that, aluminum (Al) is 
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entirely deposited and patterned, to form the wires 10 and 110 made of W and Al 5 
whereby the semiconductor device shown in Fig. 1 is obtained. 

After this, an interlayer insulating film and a wire are further layered in the same 
process as the interlayer insulating film 111 and the wires 10 and 110 are formed (not 
shown). 

The method of depositing W for the wires 10 and 110 may be a selective CVD 
method, or instead of W, Al may be deposited by high-temperature sputtering or reflow 
sputtering, or TiN or doped polysilicon may be deposited by the LPCVD method. 
Instead of Al, AlCuSi, Cu or doped polysilicon may be used. 

When a metal is used as a material for the wire, a barrier metal made of TiN or 
the like is formed on an inner wall of each contact hole to prevent the metal from 
diffusing onto the semiconductor layer 3. 

Though the contact holes and the wires connected to the source/drain regions and 
the p-type impurity region are formed in the same process step in this preferred 
embodiment, the contact holes and the wires may be formed in different steps according 
to a circuit configuration and the order of formation may be changed as needed. 

Further, when the metal silicide layer is formed on the surfaces of the 
source/drain regions 7 and 8 by salicide method, the metal silicide layer serves as an 
etching stopper in etching the interlayer insulating film 11 and therefore the etching 
margin increases. 

According to the method of manufacturing the semiconductor device of the first 
preferred embodiment, since the semiconductor device in which the element is formed on 
the main surface of the SOI substrate consisting of the semiconductor substrate 1, the 
buried oxide film 2 provided entirely over the surface of the semiconductor substrate 1 
and the semiconductor layer 3 provided on the surface of the buried oxide film 2 
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comprises the silicon nitride film 14 formed on a surface of the element with the 
interlayer insulating film 11 interposed therebetween, micro-defects which develop into 
lifetime killers are generated in the semiconductor layer 3a below the isolation insulating 
film 4 by a stress of the silicon nitride film 14 and this shorten the lifetime of carriers 
(positive hole in an nMOS and electrons in a pMOS). Therefore, even if the thickness of 
the semiconductor layer 3a below the isolation insulating film 4 becomes thinner, a 
potential of the channel formation region below the gate electrode 6 can be stably fixed 
and a floating-body effect, such as the frequency dependency of delay time, can be 
suppressed, whereby the semiconductor device of higher reliability can be manufactured. 

Further, though it is known that the hot carrier resistance is deteriorated if the 
hydrogen enters the gate insulating film 5 and the hydrogen termination occurs at the 
interface of the semiconductor layer 3 and the gate insulating film 5, since the silicon 
nitride film 14 is formed in the semiconductor device of this preferred embodiment, it is 
possible to prevent entry of hydrogen into the gate insulating film 5 and the buried oxide 
film 2, whereby the semiconductor device of improved hot carrier resistance can be 
manufactured. Particularly, the above feature has a high degree of effectiveness on a 
SOI substrate comprising two oxide films (gate insulating film and buried oxide film) 
having an effect on device properties as compared to a balk substrate. 

Furthermore, since the thick interlayer insulating film 1 1 1 on the silicon nitride 
film 14 and the thin interlayer insulating film 11 below the silicon nitride film 14 are 
separately etched with the silicon nitride film 14 to form the contact holes, it is possible to 
prevent overetching of the semiconductor layer by controlling the etching condition of the 
interlayer insulating film below the silicon nitride film, whereby the semiconductor 
device which has no possibility of generating the junction leak current can be obtained. 
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The Second Preferred Embodiment 

Figs. 14 and 15 are cross sections each showing a semiconductor device in 
accordance with the second preferred embodiment of the present invention. Fig. 14 
shows a p well 33, an n well 34, n-type source/drain regions 73, 74, 83 and 84, p-type 
pocket implantation regions 75 and 85, p-type source/drain regions 76, 77, 86 and 87, n- 
type pocket implantation regions 78 and a p-type impurity region 121 and an n-type 
impurity region 122. Further, the p well 33 and the n well 34 below the isolation 
insulating film 4 are particularly represented as 33a and 34a, respectively. 

Referring to Fig. 14, in the second preferred embodiment, an nMOS transistor is 
formed in the p well 33 which is formed by implanting ions into the semiconductor layer 
and a pMOS transistor is formed in the n well 34, forming a CMOS structure. The 
nMOS transistor and the pMOS transistor are isolated from each other by a PTI and the 
channel formation regions of the nMOS transistor and the pMOS transistor are connected 
to the p-type impurity region 121 and the n-type impurity region 122, respectively, 
through the semiconductor layer below the PTI and the potentials thereof are fixed. The 
p well 33 contains an impurity such as B, BF 2 or In of about 1 x 10 15 to 1 * 10 19 /cm 3 , and the 
n well 34 contains an impurity such as P, AS or Sb of about 1 x 1 0 15 to 1 x 1 0 19 /cm 3 . When 
the gate electrode 6 in the nMOS transistor comprises a polysilicon layer, the polysilicon 
layer contains an n-type impurity such as phosphorus of about 2 to 15xl0 20 /cm 3 , like in. 
the first preferred embodiment, while the impurity contained in the polysilicon of the gate 
electrode 6 in the pMOS transistor may be a p-type impurity such as boron in some cases 
(Dual Gate structure) and may be an n-type impurity in other cases (Single Gate 
structure). 

The film thicknesses and impurity concentrations of constituent elements, other 
than the above, are the same as those in the semiconductor device of the first preferred 
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embodiment. 

According to the second preferred embodiment, since the semiconductor device 
in which the element is formed on the main surface of the SOI substrate consisting of the 
semiconductor substrate 1 , the buried oxide film 2 provided entirely over the surface of 
the semiconductor substrate 1 and the semiconductor layer 3 provided on the surface of 
the buried oxide film 2 comprises the silicon nitride film 14 formed on a surface of the 
element with the interlayer insulating film 11 interposed therebetween, micro-defects 
which develop into lifetime killers are generated in the semiconductor layer 3a below the 
isolation insulating film 4 by a stress of the silicon nitride film 14 and this shorten the 
lifetime of carriers (positive hole in an nMOS and electrons in a pMOS). Therefore, 
even if the thickness of the semiconductor layer 3 (p well region 33 (the first 
semiconductor region), n well region 34 (the second semiconductor region)) below the 
isolation insulating film 4 becomes thinner, a potential of the channel formation region 
below the gate electrode 6 can be stably fixed and a floating-body effect, such as the 
frequency dependency of delay time, can be suppressed, whereby the reliability of the 
semiconductor device can be improved. 

Further, in the CMOS structure, if transistors of reverse conductivity types are 
provided adjacently to each other with the PTI (the isolation insulating film 4 and (the p 
well 33 + the n well 34) (the third semiconductor region)) interposed therebetween, the 
breakdown voltage between the p well 33 and the n well 34 which are adjacent to each 
other increases due to micro-defects which are generated in the third semiconductor 
region below the isolation insulating film 4 and develops into a lifetime killer, whereby 
the reliability of the semiconductor device can be advantageously improved. 

Further, though it is known that the hot carrier resistance is deteriorated if the 
hydrogen enters the gate insulating film 5 (the buried oxide film 2) and the hydrogen 
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termination occurs at the interface of the semiconductor layer 3 and the gate insulating 
film 5, since the silicon nitride film 14 is formed in the semiconductor device of this 
preferred embodiment, it is possible to prevent entry of hydrogen into the gate insulating 
film 5 and the buried oxide film 2 and this improves the hot carrier resistance. 

Furthermore, as shown in Fig. 15, if the nMOS region and the pMOS region are 
isolated from each other by the FTI which is the isolation insulating film 4 reaching the 
buried oxide film 2, the latch-up resistance can be improved though the manufacturing 
process becomes complicated. 

Next, discussion will be made on a method of manufacturing the semiconductor 
device in accordance with the second preferred embodiment of the present invention. 

Fig. 16 is a cross section showing a process step in a method of manufacturing a 
semiconductor device in accordance with the second preferred embodiment of the present 
invention. Fig. 16 shows a photoresist mask 303. 

First, in the same manner as in the first preferred embodiment, the isolation 
insulating film 4 is formed on the surface of the SOI substrate in which the semiconductor 
layer 3 is provided on the surface of the semiconductor substrate 1 with the buried oxide 
film 2 interposed therebetween. 

Then, the photoresist mask 303 having an opening for the nMOS region is 
formed and a p-type impurity such as B, BF 2 or In is ion-implanted, to form the p well 33 
having an impurity concentration of about 1><10 15 to l><10 19 /cm 3 . Fig. 16 is the cross 
section showing the element of the semiconductor device at the end of this step. After 
that, the photoresist mask 303 is removed. 

In the same manner as the p well 33 is formed, a photoresist mask having an 
opening for the pMOS region is formed and an n-type impurity such as P, As or Sb is 
entirely ion-implanted, to form the n well 34 having an impurity concentration of about 1 
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X 10 15 to IX 10 19 /cm 3 (not shown). After that, the photoresist mask is removed. 

Then, in the same manner as in the first preferred embodiment, the p-type 
impurity region 121 and the n-type impurity region 122 are formed. 

Other than the above ion implantation, in portions where the nMOS region and 
the p MOS region have different conductivity types, separate ion implantations are 
performed with photoresist mask having openings for respective regions in the same 
manner as in the first preferred embodiment. 

According to the method of manufacturing the semiconductor device of the 
second preferred embodiment, since the semiconductor device in which the element is 
formed on the main surface of the SOI substrate consisting of the semiconductor substrate 
1, the buried oxide film 2 provided entirely over the surface of the semiconductor 
substrate 1 and the semiconductor layer 3 provided on the surface of the buried oxide film 
2 comprises the silicon nitride film 14 formed on a surface of the element with the 
interlayer insulating film 11 interposed therebetween, micro-defects which develop into 
lifetime killers are generated in the semiconductor layer 3 a below the isolation insulating 
film 4 by a stress of the silicon nitride film 14 and this shorten the lifetime of carriers 
(positive hole in an nMOS and electrons in a pMOS). Therefore, even if the thickness of 
the semiconductor layer below the isolation insulating film becomes thinner, a potential 
of the channel formation region below the gate electrode 6 can be stably fixed and a 
floating-body effect, such as the frequency dependency of delay time, can be suppressed, 
whereby the semiconductor device of higher reliability can be manufactured. 

Further, in the CMOS structure, if transistors of reverse conductivity types are 
provided adjacently to each other with the PTI interposed therebetween, since the silicon 
nitride film 14 is formed in the semiconductor device of this preferred embodiment, the 
breakdown voltage between the p well 33 and the n well 34 which are adjacent to each 
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other increases due to micro-defects generated in the semiconductor layer below the 
isolation insulating film, to increase latch-up resistance, whereby the reliability of the 
semiconductor device can be advantageously improved. 

Further, though it is known that the hot carrier resistance is deteriorated if the 
hydrogen enters the gate insulating film 5 and the hydrogen termination occurs at the 
interface of the semiconductor layer 3 and the gate insulating film 5, since the silicon 
nitride film 14 is formed in the semiconductor device of this preferred embodiment, it is 
possible to prevent entry of hydrogen into the gate insulating film 5 and the buried oxide 
film 2, whereby the method of manufacturing the semiconductor device of increased hot 
carrier resistance can be obtained. 

Furthermore, since the thick interlayer insulating film 1 1 1 on the silicon nitride 
film 14 and the thin interlayer insulating film 11 below the silicon nitride film 14 are 
separately etched with the silicon nitride film 14 to form the contact holes, it is possible to 
prevent overetching of the semiconductor layer by controlling the etching condition of the 
interlayer insulating film 11 below the silicon nitride film 14, whereby the semiconductor 
device which has no possibility of generating the junction leak current can be obtained. 

The Third Preferred Embodiment 

Fig. 1 7 is a cross section showing a semiconductor device in accordance with the 
third preferred embodiment of the present invention. Fig. 17 shows contact holes 132 
and wires 310. 

In the third preferred embodiment, the interlayer insulating films 1 1 and 1 1 1 and 
the contact holes 132 formed in the silicon nitride film 14 are formed across the surfaces 
of the source/drain regions 7 and 8 and the isolation insulating film 4, and the wires 310 
connected to the source/drain regions 7 and 8 through the contact holes 132 are also 
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formed on th surface of the isolation insulating film 4. Other than this point, the present 
structure of the third preferred embodiment is the same as that of the first preferred 
embodiment. 

Fig. 18 is a plan view showing the semiconductor device in accordance with the 
third preferred embodiment of the present invention, and Fig. 17 is the cross section taken 
along the section F-F of Fig. 18. In Fig. 18, the interlayer insulating films 11 and 111, 
the silicon nitride film 14, the wires 110 and 310, the side wall insulating film 9, the 
source/drain regions 71 and 81 and the pocket implantation regions 72 and 82 are omitted, 
for convenience of illustration. 

Since the semiconductor device of the third preferred embodiment, which has a 
borderless contact structure in which the wires 310 connected to the source/drain regions 
7 and 8 are formed across the adjacent isolation insulating films 4, comprises the silicon 
nitride film 14, the isolation insulating film 4 is prevented from being etched when the 
contact holes 132 reaching the source/drain regions 7 and 8 are formed and sufficient 
distances from the pn junctions between the semiconductor layer 3a and the source/drain 
regions 7 and 8 to the wires 310 can be ensured, whereby the semiconductor device of 
higher element density and higher reliability can be obtained. 

According to the third preferred embodiment, since the semiconductor device in 
which the element is formed on the main surface of the SOI substrate consisting of the 
semiconductor substrate 1 , the buried oxide film 2 provided entirely over the surface of 
the semiconductor substrate 1 and the semiconductor layer 3 provided on the surface of 
the buried oxide film 2 comprises the silicon nitride film 14 formed on a surface of the 
element with the interlayer insulating film 11 interposed therebetween, micro-defects 
which develop into lifetime killers are generated in the semiconductor layer 3a below the 
isolation insulating film 4 by a stress of the silicon nitride film 14 and this shorten the 
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lifetime of carriers (positive hole in an nMOS and electrons in a pMOS). Therefore, 
even if the thickness of the semiconductor layer 3 a below the isolation insulating film 4 
becomes thinner, a potential of the channel formation region below the gate electrode 6 
can be stably fixed and a floating-body effect, such as the frequency dependency of delay 
time, can be suppressed, whereby the reliability of the semiconductor device can be 
improved. 

Further, though it is known that the hot carrier resistance is deteriorated if the 
hydrogen enters the gate insulating film 5 and the hydrogen termination occurs at the 
interface of the semiconductor layer 3 and the gate insulating film 5, since the silicon 
nitride film 14 is formed in the semiconductor device of this preferred embodiment, it is 
possible to prevent entry of hydrogen into the gate insulating film 5 and the buried oxide 
film 2 and this improves the hot carrier resistance. 

Fig. 19 is a cross section showing another semiconductor device in accordance 
with the third preferred embodiment of the present invention, showing an n-type partial 
impurity region 123. Referring to Fig. 19, the n-type impurity region 123 contains an 
impurity such as P, As or Sb of about lxlO 15 to l><10 19 /cm 3 , and is connected to the 
source/drain region 7 and extends towards the central portion of th isolation insulating 
film 4 relative to a region where the contact hole 132 is formed on the isolation insulating 
film 4. The n-type impurity region 123 can be formed by diagonally implanting ions 
after forming the contact hole 132. Other than this point, the present structure of the 
third preferred embodiment is the same as that of the semiconductor device of Fig. 17. 

In the semiconductor device of borderless contact structure, despite the presence 
of the silicon nitride film 14, the exposed isolation insulating film 4 is likely to be etched 
in forming the contact hole 132. In this preferred embodiment, however, with the 
presence of the n-type impurity region 123, it is possible to ensure sufficient distance 
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between the wire 310 and the p-type semiconductor layer 3 and eliminate the possibility 
of generating the leak current at a junction between the semiconductor layer 3a and the n- 
type impurity region 123. 

Fig. 20 is a plan view showing still another semiconductor device in accordance 
with the third preferred embodiment of the present invention. The structure of this 
semiconductor device is the same as that of the semiconductor device shown in Fig. 1 7, 
except that the isolation insulating film 4 is an FTI reaching the buried oxide film 2 in a 
portion enclosed by the broken line G. According to the semiconductor device shown in 
Fig. 20, though the function of the lifetime killer is deteriorated as compared with the 
semiconductor device shown in Fig. 17, there is no possibility that the isolation insulating 
film 4 should be connected to the semiconductor layer 3 a, even if being etched in forming 
the contact hole 132, whereby the reliability of the semiconductor devicexis improved. 

Though the discussion is made referring to the figure in which the silicon nitride 
film 14 is entirely formed in the third preferred embodiment, the isolation performance 
can be improved only if the silicon nitride film 14 is formed in a region in which the PTI 
is used as device isolation in a semiconductor device in which the PTI and the FTI are 
used together. 

Further, the shape of the isolation insulating film 4 can be kept only if the silicon 
nitride film 14 is formed on a surface of a portion where the wire 3 10 is formed across the 
surfaces of the source/drain regions 7 and 8 and the isolation insulating film 4. 

Furthermore, the borderless contact structure can be applied to the 
semiconductor devices in the first and second preferred embodiments and produce the 
same effect. 

Next, discussion will be made on a method of manufacturing the semiconductor 
device in accordance with the third preferred embodiment of the present invention. 
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Fig. 21 is a cross section showing a process step in a method of manufacturing a 
semiconductor device in accordance with the third preferred embodiment of the present 
invention. Fig. 21 shows a photoresist mask 304. 

First, in the same manner as in the first preferred embodiment, the isolation 
insulating film 4, the p-type impurity region (n-type impurity region in the case of pMOS), 
the gate insulating film 5, the gate electrode 6, the pocket implantation regions 72 and 82, 
the source/drain regions 71 and 81, the sidewall insulating film 9 and the source/drain 
regions 7 and 8 are formed on the surface of the SOI substrate in which the 
semiconductor layer 3 is formed on the surface of the semiconductor substrate 1 with the 
buried oxide film 2 interposed therebetween. 

Then, the interlayer insulating film 11, the silicon nitride film 14 and the 
interlayer insulating film 111 are formed in the same manner as in the first preferred 
embodiment, and these are planarized by the CMP method. After the planarization, to 
eliminate the raggedness in the surface through the CMP, a silicon oxide film is deposited 
again to have a thickness of about 50 to 200 nm in the same manner as the interlayer 
insulating film 11 is formed (not shown). 

After forming the photoresist mask 304 having an opening at a region in which 
the contact holes 13 and 132 to be connected to the source/drain regions 7 and 8 and the 
p-type impurity region 12 are to be formed on the surface of the interlayer insulating film 
111, the interlayer insulating film 111 is etched in the same manner as in the first 
preferred embodiment. At this time, the photoresist mask 304 is patterned so that the 
contact hole 132 can be formed not only on the surface of the source/drain regions 7 and 8 
but also on the surface of the isolation insulating film 4. Fig. 21 is the cross section 
showing the element of the semiconductor device at the end of this step. 

Next, the remaining silicon nitride film 14 and interlayer insulating film 11 are 
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etched under the condition of lower selection ratio of the silicon nitride film and the 
silicon oxide film, to form the contact holes 132 and 13. 

Then, the wires 110 and 310 are formed in the same manner as in the first 
preferred embodiment, to form the semiconductor device shown in Fig. 17. 
5 Further, after that, the same steps as in the first preferred embodiment are 

performed, to form a multilayer interconnection structure (not shown). 

According to the method of manufacturing the semiconductor device of the third 
preferred embodiment, since the thick interlayer insulating film 1 1 1 on the silicon nitride 
^ film 14 and the thin interlayer insulating film 11 below the silicon nitride film 14 are 

|a y 10 separately etched with the silicon nitride film 14 to form the contact holes in the 

p~ semiconductor device having a borderless contact structure in which the wires connected 
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\j) to the source/drain regions are formed across the adjacent isolation insulating films, the 

iU overetching of the semiconductor layer can be prevented by controlling the etching 

ru 

□ condition of the interlayer insulating film below the silicon nitride film 14 and therefore a 

cn 

Q 15 semiconductor device which has no possibility of generating a junction leak current can 
Q 

be obtained. Further, the isolation insulating film 4 is prevented from being etched when 
the contact holes 132 reaching the source/drain regions 7 and 8 are formed and sufficient 
distances from the pn junctions between the semiconductor layer 3a and the source/drain 
regions 7 and 8 to the wires can be ensured, whereby the semiconductor device of higher 

20 element density and higher reliability can be obtained. 

According to the method of manufacturing the semiconductor device of the third 
preferred embodiment, since the semiconductor device in which the element is formed on 
the main surface of the SOI substrate consisting of the semiconductor substrate 1, the 
buried oxide film 2 provided entirely over the surface of the semiconductor substrate 1 

25 and the semiconductor layer 3 provided on the surface of the buried oxide film 2 
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comprises the silicon nitride film 14 formed on a surface of the element with the 
interlayer insulating film interposed therebetween, micro-defects which develop into 
lifetime killers are generated in the semiconductor layer 3 a below the isolation insulating 
film 4 by a stress of the silicon nitride film 14 and this shorten the lifetime of carriers 
5 (positive hole in an nMOS and electrons in a pMOS). Therefore, even if the thickness of 
the semiconductor layer 3a below the isolation insulating film 4 becomes thinner, a 
potential of the channel formation region below the gate electrode 6 can be stably fixed 
and a floating-body effect, such as the frequency dependency of delay time, can be 

• CSS*. 

3 ~ suppressed, whereby the semiconductor device of higher reliability can be manufactured. 
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|tt| l 10 Further, though it is known that the hot carrier resistance is deteriorated if the 
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j3 g hydrogen enters the gate insulating film 5 and the hydrogen termination occurs at the 
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jjp interface of the semiconductor layer 3 and the gate insulating film 5, since the silicon 

\,a nitride film 14 is formed in the semiconductor device of this preferred embodiment, it is 

ru 

Q possible to prevent entry of hydrogen into the gate insulating film 5 and the buried oxide 

m 

Q 15 film 2, whereby the method of manufacturing the semiconductor device of improved hot 
carrier resistance can be obtained. 

While the invention has been shown and described in detail, the foregoing 
description is in all aspects illustrative and not restrictive. It is therefore understood that 
numerous modifications and variations can be devised without departing from the scope 
20 of the invention. 



